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Objective: Carotid body tumors are considered rare. However, there has been an increase in the number of these tumors
managed at our center in recent years. Delayed presentation with large tumors is common. We studied the clinical proﬁle,
interventions, and outcomes of these tumors and assessed the factors inﬂuencing operative neurological morbidity and
recurrence.
Methods: This retrospective study was conducted at the Christian Medical College in Vellore, a tertiary care center in south
India. We analyzed the inpatient and outpatient records of patients diagnosed to have carotid body tumors undergoing
excision from January 1, 2005 to December 31, 2011. Patients diagnosed to have vagal paragangliomas were excluded.
Results: Thirty-four of 48 tumors were excised from 32 patients (11 female, 21male). Average age at presentation was 38.2
years, and three patients had familial bilateral tumors. All patients presented with a painless neck mass. There were 27
Shamblin group III, six Shamblin group II, and one Shamblin group I tumor. Eleven Shamblin group II/III tumors were
associated with transient cranial nerve palsy or paresis (32.3%). Two Shamblin group III tumors were associated with
perioperative stroke (5.8%). Preoperative embolization was done in 17 tumors, 12 of which were associated with neuro-
logical complications (two stroke, nine nerve palsy, one hemianopia). One patient underwent thrombolysis for a middle
cerebral artery thrombus and recovered completely on follow-up, and another with a capsuloganglionic infarct managed
conservatively had minimal persistent disability. Three patients had persistent nerve palsy (8.8%). Although complications
were more common in patients with higher Shamblin group tumors, the difference was not statistically signiﬁcant.
Conclusions: The overall rate of neurological complications is higher with tumors of higher Shamblin groups. Preoperative
embolization was not effective in reducing neurological complications. The rates of postoperative stroke and permanent
cranial nerve palsy after resection of large tumors are acceptable. (J Vasc Surg 2013;57:64S-8S.)Carotid body tumors (CBTs) are considered rare.
Sixteen tumors were excised at our center from 1990-
2005 (15 years), 10 of which were excised after 2002;
most tumors were in Shamblin group II/III.1,2 However,
there has been an increase in the number of these tumors
managed at our center in recent years. Delayed presenta-
tion with large tumors is common. Awareness of perioper-
ative outcomes is poor, and referral is late, as resection is
thought to be associated with blood loss and neurological
morbidity. Also, patients probably seek care late because
the tumors grow slowly and are asymptomatic. We studied
the clinical proﬁle, interventions, and outcomes of these
patients and assessed the factors inﬂuencing operative
neurological morbidity and recurrence.
METHODS
This retrospective study was conducted at the Chris-
tian Medical College in Vellore, a tertiary care center inthe Departments of Vascular Surgerya and Radiology,b Christian
edical College.
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from January 1, 2005 to December 31, 2011. Patients
diagnosed with vagal paragangliomas were excluded. The
level of signiﬁcance of different variables was determined
with the c2 test and Fisher exact test at the end of the
study.
Patients were diagnosed with CBT on the basis of clin-
ical features, preoperative imaging, and histology. The
Shamblin classiﬁcation of the difﬁculty of surgical resection
was assessed: group I comprises localized and easily
resected tumors; group II includes tumors with adherent
or partially surrounding vessels; and group III contains
tumors with intimately surrounding or encasing vessels.
Indirect laryngoscopy was performed to assess the
vocal cords. All patients with Shamblin II/III tumors
were offered preoperative embolization. However, this
nearly doubled the cost of treatment, and use was limited
by patient affordability. Patients underwent digital subtrac-
tion angiography (DSA) with a carotid cross-compression
test and hypotensive challenge. Patients who did not
tolerate this procedure were warned of the increased risk
of perioperative stroke and the possible need for intraoper-
ative shunting; those who consented to the surgery under-
went DSA-guided embolization 24 hours before surgery.
Intraoperative electroencephalographic monitoring was
not used. Patients were monitored for postprocedure
complications. Patients in whom arterial reconstruction
was planned received antiplatelet therapy (aspirin 75 mg)
preoperatively. Prophylactic antibiotics (ﬁrst-generation
cephalosporins) were administered at induction. All
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anesthesia. The skin incision was marked preoperatively
along the anterior border of the sternocleidomastoid,
extending behind the ear to the mastoid. It was curved
away from the angle of the mandible to avoid injury to
the marginal mandibular nerve. Mandibular subluxation
and nasotracheal intubation were used in patients in
whom control of the distal internal carotid artery (ICA)
was expected to be difﬁcult. The common carotid was
controlled, and careful sub-/periadventitial dissection was
done to the area of the bifurcation. Spinal accessory and
recurrent laryngeal nerves were preserved if identiﬁed in
the course of dissection. In Shamblin II/III tumors,
control of the distal ICA was secured. The vagus was iden-
tiﬁed in relation to the common carotid, traced distally, and
dissected off the tumor. In large tumors, the relationship of
the vagus nerve to the distal ICA was established, and care-
ful retrograde (craniocaudal) dissection of tumor was per-
formed to preserve the nerve in this area. The ansa
hypoglossi was identiﬁed and followed to the hypoglossal
nerve, which was dissected free of the tumor. A combina-
tion of antegrade (traditional) and retrograde dissection
was used to free the tumor from the ICA. During dissec-
tion of the tumor from the bifurcation, partial temporary
clamping was used if needed. Branches of the external
carotid artery (ECA) feeding the tumor were ligated; in
large Shamblin III tumors, the ECA was sacriﬁced. The
bifurcation was repaired with direct closure, patch plasty,
or graft reconstruction. Postoperatively, neurological deﬁ-
cits were assessed from reversal of anesthesia to discharge.
A recurrent lesion was deﬁned as radiological evidence of
tumor after a documented complete excision. Neurological
deﬁcits assessed were cranial nerve paresis or palsy and
stroke. Patients with familial tumors were counseled, and
genetic testing of siblings was done. Patients with ma-
lignant tumors were advised about postoperative
radiotherapy.
Institutional review board approval was granted for the
study.RESULTS
Demography, diagnosis, and operation. There were
21male and 11 female patients, whose average age at presen-
tation was 37.7 years (males) and 39.2 years (females). All
tumors presented as a slow-growing neck mass, with pain
as a symptom in only four tumors. No tumors were detected
incidentally or on screening. The mean duration at presen-
tation was 4.3 years (range, 1 month to 15 years).
Thirty-four of 48 tumors were excised from the 32
patients. Fourteen tumors were bilateral: four (two
patients) of these underwent staged excision; four others
had undergone contralateral excision at other institutions.
Tumors were unilateral in 20 (left 10, right 10). Four
tumors were familial (two families)—bilateral and associ-
ated with paragangliomas at other sites. None of these
were malignant. One of the sporadic tumors was malig-
nant; none were endocrinologically active. Two patientswho had undergone previous operations for contralateral
CBTs presented with preoperative cranial nerve palsy.
The majority of the patients were from areas more than
2000 km from our center.
The diagnosis of CBT was missed and ﬁne-needle aspi-
ration cytology was performed for seven tumors before
presentation to our unit. All were reported to have profuse
bloody aspirates with minimal bleeding from the puncture
site that stopped with prolonged compression. Three of
the seven were reported as CBTs. Ultrasound imaging of
the neck was performed for seven, duplex ultrasound
imaging for three, computed tomography angiography for
31, and magnetic resonance imaging for two tumors. Each
Shamblin group was assessed: one group I, six group II,
and 27 group III tumors. The average tumor size was 2.8
cm for group I tumors, 5.8 cm for group II tumors, and
6.5 cm for group III tumors. Tumor size ranged from 2.8-
20 cm (Fig 1).
Preoperative DSA with testing of the cerebral cross-
circulation and embolization was done for 15 tumors. For
another 18 Shamblin II/II tumors, patients were offered
embolization but refused because of the increased cost of
treatment. Most tumors had multiple ECA feeders, which
were embolized with gelatin foam and polyvinyl alcohol
particles. Vascularity was reduced by a mean of 57.5% as
assessed by DSA postembolization. Vascular islands and
abnormal ICA feeders (Fig 2) were factors associated with
a poor reduction in vascularity. Two tumors were lacking
cerebral cross-circulation. There was no ﬂow across the
posterior communicating artery in both of these tumors;
one patient developed diplopia during cross-compression,
and the other remained asymptomatic. In two tumors,
embolization was attempted: one embolization failed
because there was difﬁculty in accessing the ECA branches,
and the other embolization was abandoned after a failed
balloon occlusion test. Another patient developed hemiano-
pia; this patient complained of retro-orbital pain after
the procedure that gradually progressed tomonocular hemi-
anopia. This was attributed to embolization of polyvinyl
alcohol particles; the deﬁcit was persistent. On average,
two units of blood were cross-matched for patients not
undergoing embolization, and four units were cross-
matched for those who underwent embolization. Blood
loss, intraoperative transfusions, and operative time were
not assessed, as the records were temporarily unavailable;
old hospital records were being transferred to an electronic
medical record system.
Outcomes and complications. For 25 tumors, exci-
sion of the tumor alone with preservation of both the ECA
and ICA was performed; for seven tumors, the ICA was
dissected free with sacriﬁce of the ECA (six Shamblin III,
one Shamblin II). The ICA had to be ligated in two Sham-
blin III tumors. Both of these tumors were large, reaching
the skull base with the distal ICA thinned out by the tumor.
Three tumors required ICA reconstruction, by direct
closure, patch plasty, and graft reconstruction, respectively.
Two patients had perioperative strokes. In one patient
with deﬁcient posterior circulation, the stroke occurred as
Fig 2. Digital subtraction angiogram (DSA) features of poor efﬁcacy of preoperative embolization. ICA, Internal
carotid artery.
Fig 1. Pre- and postoperative images of a patient with a large carotid body tumor.
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this patient underwent emergency thrombolysis and
made a complete recovery. The other patient had a right
capsuloganglionic infarct and was managed conservatively;
this patient had an intact cross-circulation and had passed
the preoperative balloon occlusion test. One patient who
had failed the balloon occlusion test underwent partial
ICA cross-clamping during repair of the bifurcation and
did not have any postoperative complications.
Transient postoperative nerve palsy/paresis occurred in
32.3% of the patients, with permanent deﬁcits in 8.8%.
Vagal palsy was the most common, followed by hypoglossal
palsy. Permanent vagal palsy occurred in two patients.
Permanent hypoglossal palsy occurred in one patient whose
nerve was severed during dissection but was repaired
primarily. Palsy of the marginal mandibular, spinal acces-
sory, and superior laryngeal nerves also occurred, but the
patients recovered completely (Table I).
Follow-up data ranging from 1 month to 5 years were
available for 79% of patients. All patients with neurolog-
ical complications had complete follow-ups. Three
percent of patients (n ¼ 1) had persistent disability after
stroke. No patient required a tracheostomy. There was
one sporadic malignant tumor (3%) in this series; thepatient was advised to undergo radiotherapy but was
lost to follow-up. Eleven patients had enlarged lymph
nodes that, on histopathology, were shown to have reac-
tive hyperplasia.
There were no operative mortalities. In one patient, a
recurrence was detected radiologically (ultrasound imaging)
1 year after complete excision; he developed a periampullary
carcinoma the third year after his operation. Patients with
bilateral tumors were advised to have the contralateral tumor
excised as soon as possible. Demographic and outcome data
are summarized in Table I.
We analyzed the results to assess the different variables
for neurological complications. None of the patients with
Shamblin I tumors, one of six with Shamblin II tumors,
and 10 of 27 with Shamblin III tumors had neurological
complications. All patients with permanent palsy had
Shamblin III tumors. There were 25 tumors >5 cm,
15 of which were embolized: 13 were Shamblin III and
two were Shamblin II tumors. Seven patients undergoing
embolization had neurological problems. We performed
Fisher and c2 tests for signiﬁcant correlations of tumor
size, Shamblin group, and preoperative embolization with
risk of neurological complications. However, there was
no signiﬁcant correlation (Table II).
Table I. Carotid body tumors: Demographics,
treatments, and outcomes
Demographic No.
Male 21
Mean age 38.2 years
Laterality
Bilateral 14
Right 10
Left 10
Symptoms
Neck mass 34
Pain 4
Headache 1
Shamblin group
I 1
II 6
III 27
Tumor size
<5 cm 9
>5 cm 25
Preoperative embolization
<5 cm 1 (grade III)
>5 cm 15 (2 grade II,
13 grade III)
Intraoperative arterial reconstruction
ICA reconstruction 3
ECA preserved 25
ECA sacriﬁce 7 (6 grade III,
1 grade II)
ICA sacriﬁce 2
Average operating time 3. 36 hours
Postoperative neurological complications
Nerve paresisa/palsy 11 (32.3%), 8.8%b
Vagus 6 (3),b 2c
Marginal mandibular 4 (2)b
Hypoglossal 5 (1), 1c
Horner’s syndrome 3
Spinal accessory 2
Superior laryngeal 1
Hemianopia (postembolization) 1, 1c
Stroke 2, 1c
ECA, External carotid artery; ICA, internal carotid artery.
aSome patients had more than one.
bIsolated nerve involvement.
cPermanent deﬁcit.
Table II. Analysis of postoperative neurological deﬁcits
Demographic (No.)
No. of patients P value
Nerve
injury Stroke
Nerve
injury Stroke
Tumor size .11 .53
<5 cm (9) 1 0
>5 cm (25) 10 2
Shamblin group .25 .62
I (1) 0 0
II (6) 1 0
III (27) 10 2
Preoperative embolization .11 .24
Done (15) 7 2
Not done (19) 4 0
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Carotid body tumors are the most common head and
neck paragangliomas, with an incidence of less than one
in 30,000.3 Most centers report 6-10 cases every year.4-7
Our center is the referral center for eastern and southern
India; we have noticed an increase in the numbers of
patients with this rare tumor. Almost 30% of referrals
may opt out of surgery; we attribute this to the relatively
benign, slow-growing nature of the tumor. Patient and
physician awareness of the condition is poor, as is evident
from the signiﬁcant number of attempted ﬁne-needle aspi-
rations of these swellings. We see a predominance of large
Shamblin III tumors in our practice, and this necessitates
a closer look at the management techniques that can
improve outcome in these patients. Although preoperative
cranial nerve palsy is known to occur, none of our patientshad palsies, even those with very large tumors, as shown
in Fig 1.
Familial tumors were seen in 14%, which is similar to
the rates reported in other series,4 however, the rate of
bilateral involvement was higher (33%). These patients
did not have a family history of similar tumors; this differ-
ence may be due to an unidentiﬁed genetic or environ-
mental factor. Tumors are larger (Shamblin III) at
presentation; we assessed preoperative neurological status
thoroughly, even including indirect laryngoscopy to assess
the vocal cords. Surgery in patients with preexisting nerve
palsy is challenging, as often the remnant/contralateral
tumor is also large. These patients require careful intrao-
perative handling; nerves that often appear to be adherent
but can be dissected off the pseudocapsule with sharp
dissection need to be identiﬁed and preserved. Care is
taken to manipulate the perineural tissues and to not
hold the nerve directly as far as possible. These nerves are
looped with Silastic loops if they need to be handled during
tumor mobilization. Patients with unilateral cord palsy are
asked to consent preoperatively to possible prolonged intu-
bation or tracheostomy. Preoperative imaging provides
information on the size and vascularity of the tumor, the
location of the bifurcation, the Shamblin group, and the
nature of the vessel wall. Degree of encasement does not
always correlate with ease of dissection: small tumors may
encase the bifurcation and require considerable intraopera-
tive care, and large tumors may occasionally be easily
dissected off the vessel wall. Tumors also contain a peritu-
moral vascular plexus in the pseudocapsule that can cause
signiﬁcant blood loss. A combination of electrocautery
and sharp dissection is used to dissect through this plexus.
We have tried the Harmonic scalpel but found that the heat
generated in the vicinity of the ICA makes it unsuitable for
routine use. Preoperatively, the cerebral cross-circulation
was tested in those patients for whom ICA clamping was
expected. However, this failed to predict perioperative
stroke in 3%. Preoperative embolization is reported to
reduce technical difﬁculty, operative time, blood loss, oper-
ative cranial nerve morbidity, and length of hospital
stay.2,8-10 Although, it is associated with a signiﬁcant risk
of neurological complications.9 One patient developed
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moderate. Blood requirements could not be assessed deﬁ-
nitely, but more blood was cross-matched for patients
who underwent embolization than for those who did not
undergo embolization. Intraoperatively, the difference in
tumor handling is only minimally better; currently, we do
not offer routine embolization. We have not used ICA
stents, even in patients with ICA feeders, because of the
risk of stent fracture/thrombosis associated with intraoper-
ative permissive hypotension and tissue handling.
Mandibular subluxation and nasotracheal intubation
signiﬁcantly improve exposure of the distal ICA, enabling
salvage even in very large tumors.11We use a circummandib-
ular technique. Other procedures, such as excision of the
parotid/submandibular gland, mandibular osteotomy, and
a combined neurosurgical and neck approach, have not
been attempted thus far. The anatomical location of nerves
in relation to the tumor is described in zones by some
authors6; this is usually preserved, even in very large tumors.
Lack of preoperative diagnosis, midsized and large
tumors, Shamblin groups II and III, and preoperative inter-
vention are considered risk factors for neurological compli-
cations.12,13 Modiﬁcations of the Shamblin classiﬁcation
system have been suggested to help predict morbidity14;
however, the rates of nerve injury remain high, with authors
reporting permanent nerve deﬁcit rates of 11%-20%.4
All patients in our series had a preoperative diagnosis of
carotid body tumor. The majority of patients had large
tumors. However, larger tumor size and higher Shamblin
group did not correlate with the occurrence of perioperative
neurological events, and preoperative embolization did not
prevent these events. The overall rate of nerve injury noted
was 32%; this was similar to rates in most reported series.
However, our permanent injury rate of 8.8% was lower,
possibly because of differences in operative technique. A
combination of craniocaudal and traditional approaches4,15
has been used elsewhere.Meticulous use of these approaches
may help decrease the rates of nerve injury.
There was only onemalignant tumor (2%), a rate slightly
lower than reported in other series, although patients were
younger and occasionally presented with pain.16 Bilateral
tumors were excised with consideration of the nature of
the operation planned on the contralateral side. The smaller
tumor, for which preservation of the ICA and nerves was
expected, was excised ﬁrst to eliminate the risk of bilateral
nerve palsy.
There are several limitations to our study that deserve
mention. These include the retrospective nature of the
study and the incomplete documentation in a few patients.
Follow-up data were not complete for many patients who
were lost to follow-up after a year. Follow-up data for
patients who did not undergo excision of their contralateral
tumors are also not available.
CONCLUSIONS
The overall rate of neurological complications is higher
in tumors within the higher Shamblin group. Preoperative
embolization was not effective in reducing neurologicalcomplications. The rates of postoperative stroke and
permanent cranial nerve palsy after resection of large
tumors are acceptable.
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